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INTRODUCTION
Another objective which prompted the present study was to learn how an adult rabbit identifies its own or strange kittens and what role olfaction plays in this process.
The present report deals with the agonistic behaviour of adult male and female rabbits confronted experimentally in their own territories (indoor pens) with kittens of different ages and descent.
METHODS AND ANIMALS
The Io pairs of adult rabbits were of wild type born in captivity. The 155 kittens were divided into the following three categories according to their descent: "own" -those born to the adult pair being tested. "group" -kittens belonging to any other rabbits kept in the same breeding colony as the test pair. The 66 kittens born within the breeding colony fell into the above two categories according to their relationship to the adults used in the test. "strangers" -kittens caught in the field and used in the experiments soon after arrival at the laboratory (89 individuals). The numbers of tests conducted and the descent and age of the kittens are shown in Table I . As the same animals were used repeatedly the total number of tests does not correspond to the number of different kittens involved in the study. Considering the different developmental stages of the kittens, for the purposes of analysis, the data were grouped into the following four age PLATE IX liminary analysis showed that there were no differences related to the sex of the kittens, the data for both sexes were pooled. The adult rabbits were kept permanently in pairs in indoor pens each measuring 6ft x Ioft with a netting wall 3ft high and a concrete floor; each pen contained a shelter box, the entrance to which was closed during testing. During the test, kittens were introduced into the home pen of the adult pair. To help record movements of animals, the floor of each pen was marked into quadrats with chalked lines. To test the role of sight in the identification of kittens a series of experiments were carried out using adults blindfolded with closelyfitting fibreglass head masks. Blindfolding obviously slowed down the adults and made it difficult for them to establish contact in a large area with the more mobile kittens. To increase the chance of contact between animals the area of a pen was reduced by one half with a portable division. The ages of the kittens ranged between 0-9o days but the data has been analysed as a whole. In the blindfold tests only "strangers" and "group" kittens were used. Tests were carried out in two stages. In the first a kitten was placed in the pen with only the resident adult male. In the second stage which followed immediately both the resident male and female were present.
Preliminary trials indicated that too many kittens would be severely injured or killed if they were left with the female alone. Each stage of the test lasted for 150 seconds, commencing from first physical contact with the kitten by the male in the first and by the female in the second stage.
Three observers collected the data. One recorded the incidence and duration of various behavioural parameters on a manual ten-channel event recorder. A second observer took descriptive notes while a third handled the animals and traced on a scale plan the movements of the kittens within the pen.
CATEGORIES OF BEHAVIOUR RECORDED
Behaviour of adult rabbits. Latent period. The time expiring between introduction of the kitten into the pen and the first contact made with it by the specified adult was measured. If no contact was made within four minutes the test was abandoned. Sniffing of kittens by adults. The total duration of sniffing of the kitten by the adults as well as the incidence of sniffing directed towards its head, body and hindquarters were recorded. Nudging. This term refers to a quick rush by the adults toward the kitten followed by repeated thrusting of the nose into various parts of the kitten. Nudging occurred in situations when the adult seemed uncertain of the identity of the kitten even its I00 R. MYKYTOWYCZ & M. L. DUDZIfSKI own progeny. Some kittens on being nudged remained motionless and allowed examination by the adults. Incidence and duration of non-aggressive contacts between adults and kittens. All occasions when adults remained in physical contact with kittens without displaying signs of aggression were regarded as non-aggressive contact. Incidence of aggressive behaviour of adults towards kitten. Any sign of aggression by adults towards kittens was recorded. Biting. There were two forms of biting although they are not differentiated in the test; deliberate biting at specific sites on the kitten's body, and the gripping of the body in the course of ripping (see below). While in most cases injuries were superficial in some the adults bit deeply near the spinal column seriously injuring the kittens. A tearing action was also sometimes used. The forelegs were propped against the kitten's body while pulling with the teeth, often resulting in large patches of skin being torn away. Ripping. This was the most characteristic component of the rabbits' aggression. The attacking adult gripped the kitten with the teeth, usually around the neck or on the back, threw itself onto its side or back, and using both hind legs simultaneously ripped with the claws. Occasionally an adult ripped momentarily from an upright position (see Figure Ia) . Sometimes at the conclusion of ripping, kittens were gripped by the loose skin, shaken and thrown into the air. Killing. Most deaths resulted from deep bites into the spinal column, although some followed disembowelment or extensive skinning. 
RESULTS
The following is a condensed record of a typical test of I50 seconds, which documents aggression against a "strangei" by an adult female and it's protection by an adult buck. 
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Male sits in front of kitten, licks it. Female lies in opposite corner.
Latent period.
The times expiring between introducing kittens and first contact with adults are shown graphically in Figure 2 and numerically in Table 2 . With the exception of the older ones, "strangers" always attracted the attention of adults of both sexes most quickly. In tests with adult females the differences in the latent periods between progeny were significant. The females made contact with all kittens faster than did the males. The latent period decreased with increasing age of the kittens but because of the progeny by age interaction could be tested statistically for females only.
Sniffing of kittens by adults.
The data for the occurrence of sniffing any part of the body are presented in Figure 3a and Table 2 . Adult females often identified kittens from a distance before physical contact and intimate sniffing began. Instant aggression toward "strangers" suggested this.
The males sniffed most frequently at "strangers". All kittens aged 0-30 days were sniffed, but only 76 % of the oldest ones. There was no difference between the frequency of sniffing at "own" and "group" progeny (73 % of all tests). The incidence of sniffing by adult females was the opposite of that of males. Does sniffed least frequently at "strangers" (47 %) and most frequently at their own kittens (9i %). The differences between progeny were significant, reflecting the varying aggressiveness of females (see below).
Olfactory examination of the kittens took place on one or more occasions during each test. Figures 3b, c, d show the percentage of tests in which sniffing was directed towards various parts of the kitten's body. Adults of both sexes inspected the hindquarters and head-regions-sites of the anal, inguinal and chin glands-more frequently than other parts of the body.
On average males sniffed the hindquarters of kittens in 69 %, their heads in 66 %, and other parts of the body in 51 % of tests. The corresponding percentages for females are 43 %, 39 % and 36 %.
Nudging.
Although nudging was often followed by obviously aggressive acts, more frequently it appeared to be a warning signal connected with investigatory activity. Its incidence does not follow the same pattern as the categories of behaviour definitely associated with aggression.
In tests involving adult males alone nudging was infrequent, but occurred most commonly with the oldest kittens (see Figure 4a and Table 2 ). On the whole it was recorded only in 5 % of tests, and this frequency is too low to warrant statistical analysis. Nudging by females was much more frequent (32 % of tests). The percentage of tests in which it was seen shows a similar pattern of variation with age for "own" and "group" kittens. The highest frequency of nudging by females was in relation to "group" progeny where it was recorded in 43 % of tests as compared with 26 % for "own" kittens. The increased frequency of nudging suggests that females-possibly because of similarity in odour-may have had some difficulty in distinguishing quickly between their own kittens and those of other members of the breeding colony. "Strangers" were nudged in 25 % of tests.
The differences between progeny in female tests were significant.
Non-aggressive contact. Some form of non-aggressive contact took place in all tests in order that the adults could identify kittens. Its relative duration and percentage of incidence are shown in Figures 4b, c and Table 2. As the relation between incidence and duration was not directly proportional for nonaggressive contacts, both types of measurements are shown in the figures. Apart from the oldest age group the adult males spent the longest time with "strangers" (I7 %). There was no difference between the time spent by them with "group" members and "own" progeny. The females on the other hand remained in non-aggressive contact for the longest time with "own" kittens and the shortest with "strangers". The duration of these non-aggressive contacts by females fluctuated significantly and showed a slight tendency to decrease with increasing age of kittens.
Aggressive contact.
Data for the frequency of occurrence of aggressive behaviour of adults towards kittens are shown in Figure 4d and Table 2 . It is characteristic that the males were seldom aggressive towards kittens; the low level shown in Figure 4d consists largely of nudging which although considered here as an aggressive form of behaviour was in many instances merely a preliminary to investigation. Slightly more aggression was displayed by males towards the oldest group of strange kittens, some of which were approaching sexual maturity. The mean incidence of aggression by males is too low for statistical testing.
With females aggression occurred in a much higher percentage of tests. In the case of "own" kittens the results are largely due to nudging (see below).
Agonistic behaviour by the females was most frequent towards "strangers" and "group" progeny and least to "own" kittens. The differences between progeny were significant. Discrimination by females between the different categories of kittens was most characteristic, and evident in all forms of aggressive behaviour. There was a significant difference in the incidence of aggression by females in relation to the different age groups, with a strong tendency for it to increase with the age of "strangers" and "group" progeny.
Biting.
The percentage of tests in which biting occurred is presented in Figure  5a and Table 2 . Only 2 males out of Io bit kittens and the overall frequency was very low (3 % of all tests).
Females however bit kittens frequently (46 % of all tests). The two oldest age classes of "strangers" were bitten in 0oo % and 86 % of tests.
Biting was less frequent with "group" kittens (51 % of all tests) and rare with "own" kittens (7 % of all tests). Biting increased with increasing age of kittens in all three types of progeny.
Females never bit the youngest (0-I2 days) of their own kittens and rarely (only 2 % of tests) their I3-2I day old progeny. The highest incidence of biting of "own" kittens was recorded in the second oldest age class which, by the way are known to be liable to attack by their own mother at the time she is due to drop her next litter (MYKYTOWYCZ & ROWLEY, I958). (The frequencies with which bites were inflicted were similar in all tests. The largest average number of bites (I2) occurred in tests with "strangers", the highest number recorded during any test being 45. The number of bites inflicted per test also increased with age of the kittens.)
Ripping
In tests with females, ripping was most common in relation to "stranggers", reaching a peak of Ioo % in tests with kittens 22-30 days old ( Figure 5b and Table 2 ). Even the youngest "strangers" were ripped. "Own" kittens 0-21 days old were never attacked in this manner but those of weaning age (22-30 days) were ripped in 23 % of the tests. The general mean for "own" progeny was 4 %, while in "group" kittens attacks occurred in 14 to 74 % of tests. The differences between progeny were highly significant. The average number of ripping attacks per test was highest in relation to 22-30 day old "strangers" (5 occasions) and Chinning. The data on chinning activities are shown in Figure 6a and Table 2 . During the tests with males alone it was most common in relation to the youngest kittens decreasing with increasing age of the young. On the whole "strangers" were chinned in a greater proportion of tests than "own" and "group" kittens. These progeny differences were significant. In fact the kittens in the two oldest age classes of "own" progeny were never seen to be chinned.
Very few females were seen chinning, and then only kittens of the youngest age (0-2I days old). Licking. Date on licking activities are presented in Figure 6b and Table 2 . On the whole "own" kittens were licked more frequently by adults of both sexes but the differences between progeny were significant only in the tests with females. Females licked some of the younger "group" kittens and "strangers" but never the older ones. There was a tendency for licking to diminish with increasing age of the kittens, the differences between age groups being significant. Licking by males was indiscriminate and its frequency increased in the presence of females. It was never recorded in any test in which the adult attacked the kitten but did occur in conjunction with nudging. Table 2 show the data on aggression between adults in the presence of kittens. In 48 % of tests the females initiated this aggression, on the whole this occurred least frequently in the presence of "own" progeny. In these cases the presence of the two younger age groups released the most aggression from the females towards the buck. Aggression towards the males was most frequent in the presence of "strangers" occurring in 72 % of all tests. Aggression in these cases as well as in those involving "group" kittens seemed to be released by the protective activities displayed by males. The differences displayed in the presence of kittens of the various descents were significant. Table 2 ). These differences induced by the presence of kittens of various descents were significant.
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Aggressive behaviour towards male initiated by female. Figure 7 a and
Male aggression towards females obviously offered protection to the kittens and could be regarded as a measure of the male's protectiveness.
Apart from taking direct action against the females the males often isolated the kittens from their attacks by forcing their way between the two and during breaks in the female attacks by chinning and licking the kittens.
Individual differences.
Individual females differed widely in their agonistic behaviour towards kittens. One attacked kittens in 40 % of tests and another in 80 %. The does also differed in their ability to injure the kittens. Of the ten females tested only five killed kittens.
The bucks differed in their ability to protect the kittens. One intervened in 86 % of his tests while another did so in only 23 %. In the course of experiments on aggression among adults, the inactive bucks were not found to be subordinate to others. Similarly the females which were very aggressive towards kittens were not necessarily the socially dominant animals in adult-to-adult relationships.
AGGRESSIVE AND PROTECTIVE BEHAVIOUR IN RABBITS
II
Distance moved by kittens.
The distances moved by the kittens shown in Figure 8a and Table 2 indicate that on the whole "own" kittens covered less ground than "group" and "strangers".
The increase in the distance with rising age of the kittens and its variation between kittens of different progeny could be tested only in the tests with male adults where they were highly significant. In the presence of females the increase with age occurred only with the "group" kittens and "strangers". Table 2 ). Strange kittens tended to move somewhat more when with the adult male. In the tests with males the differences between progeny were significant. It should be emphasised that while the movement of "own" kittens was mainly exploratory those of the "group" and "strangers" were largely due to attempts to avoid the adults.
Squealing.
The percentages of tests in which kittens squealed are shown in Figure 8c and Table 2 . Male adults never induced kittens to squeal except in one test involving a "stranger" 60 days old.
In the tests with females there was a significant difference in the frequency of squealing by the three categories of progeny. Squealing was least frequent in tests with "own" kittens (2 %) and most common with "strangers" (47 % overall) and especially with the 22-30 day old "strangers" (60 %). It increased significantly with rising age of the kittens.
Injuries.
In the 87 tests in which injuries were inflicted on the kittens by females the differrent parts of the body were affected in the following order: back, 38 % of tests; hindquarters, 34 %; lumbar region, I6 %; chest, 13 %; shoulders, II %; neck, 10 %; flanks and legs, 9 %; head, 6 %; ears, 4 % and eyes, 2 %. Killing. Table 3 shows the number of kittens killed during the tests. Deaths were caused exclusively by females and only "strangers" were affected.
They killed 30 (2I %) of the 142 "strangers". The differences between the four age classes are not significant. However, if the data are subdivided into two age classes only, the younger kittens are found to be the more vulnerable. In the 0-2I day old class 29 % of 77 kittens were killed compared with 12 % of the 65 kittens in the older age class. This difference is statistically significant. Tests with blindfolded adults. The data collected during the course of tests involving blindfolded adults are not strictly comparable with those previously described, because size of pen and age groups of kittens differed. Nevertheless the results show that the adults were able to discriminate, without the use of vision, between "strangers" and "group" kittens. The masks, although obviously inconveniencing the animals did not eliminate aggression completely and did not suppress their urge to investigate their territories and the introduced kittens.
Blindfolded animals seemed to identify kittens solely by smell. In many cases adults tracked the introduced kittens by following their trails on the floor of the pens.
Kittens were examined repeatedly by both males and females in the course of a single test. On average the males examined "group" kittens 4 times per test and "strangers" 8 times, these differences being significant. Females examined "group" kittens on 3 occasions per test and "strangers" 4 times but this difference did not quite reach a statistically significant level.
In ioo00 tests blindfolded males attacked kittens only twice while females did so consistently. The data in Table 4 show that "strangers" were attacked twice as frequently as "group" kittens.
Biting and ripping by females and squealing by kittens are shown in Table 4 . The females clearly discriminated between "group" kittens and "strangers". The number of aggressive acts were consistently and significantly higher in relation to "strangers" than to "group" kittens. The data for males are too meagre to be included.
Blindfolding obviously reduced the severity of aggression, the kittens being able to escape from attack more easily. The older age of the kittens also made them less vulnerable to attack. As a result, in all tests only one kitten was killed and one injured. Both these kittens were "strangers".
Behaviour XLIII 8 Aggression between adults developed despite blindfolding. The percentage of tests in which it was recorded is shown in Table 4 .
Irrespective of which sex initiated the aggression it was always significantly higher in the presence of "strangers" than "group" progeny. Although aggression towards young rabbits is a regular occurrence in experimental situations, it has to be stressed that under natural conditions it is not so prevalent at all times or at least not so easily detectable. In confronting adults with "group" kittens and "strangers" an artificial situation has been created which rarely exists in the field where a series of territorial arrangements protect the youngest members of the species from being attacked by strange females.
DISCUSSION
Young rabbits are normally born in an isolated breeding chamber dug as an extension to the existing warren system. The entrance to the nest is blocked by the mother with soil on which she deposits her own urine and faecal pellets. This marking apparently repels other rabbits. The young kittens are confined to the nest for the first 14 to I8 days of their lives and during this period learn to recognise the odour of their mother's anal gland secretion which functions for territorial marking (MYKYTOWYCZ & WARD, I97I). At the age when the kittens leave their nests and emerge to the surface, they move within the area where their mother's odour prevails. This area being within the centre of the group territory is best protected from intrusion by strange rabbits. On the rare occasions when strange adults invade a territory their movements are restricted and Even under seemingly normal conditions of low density, the survival and development of some kittens will be adversely affected by their exposure to aggression. Subordinate does are often forced to litter in isolated breeding stops which they dig at some distance from the main warren. Kittens born in these stops when trying to attach themselves to a warren at weaning age become exposed to attacks by the adult does In view of the aggressiveness of the females the protective behaviour of the males becomes even more worthy of emphasis. Not only in the experiments described above but also in earlier observations of freeliving rabbits it could be seen that bucks were always more frequently engaged than females in amicable behaviour towards their own kittens and tolerated strange juveniles in their territories. Bucks, especially unattached ones, lick kittens more frequently than does and juveniles were often seen to seek their attention. It is obvious that in the course of licking, chinning and enurination by the males the strange kittens become impregnated with the odours familiar to all members and 
SUMMARY Adult wild rabbits, Oryctolagus cuniculus (L)
. were confronted experimentally in their own pens with 0-60 day old kittens of three different descents: "own" "group" and "strangers". The ability to differentiate between kittens of these three categories was displayed by adults of both sexes and was statistically significant for a number of measures taken. Does tolerated "own" kittens but attacked "group" progeny and "strangers". The severity of aggression as measured by the incidence of biting, ripping, squealing, killing and severity of wounds was higher in
